Abstract: Sustainable urban drainage systems (SUDS) or eco-drainage system has been implemented in developed countries. The aims of the construction of the system are; to minimize surface runoff by capturing and temporarily retain it, to improve the quality of surface runoff, to infiltrate stormwater, to increase evapotranspiration, and enhance landscape aesthetic value. Learning from the success of the implementation of SUDS in developed countries, the paper presents a model of eco-drainage system for residential area in Indonesia, which consists of rainwater harvesting system (RWHS) and retention ponds. A simulation of stormwater and surface runoff utilization is also presented. At 14,602.26 m 2 bare land in Mojokerto Regency, which is transformed into residential area, the model of eco-drainage system could reduce surface runoff volume almost by 70%. It is recommended to adjust the dimension of rainwater storage tank and retention ponds in order to reduce more surface runoff volume.
Introduction
The impact of land use change on hydrological variables has been discussed since a few decades ago. Leopold [1] mentioned that land use change causes the change of surface runoff characteristics and its total volume, change of the quality of water, and hydrologic amenities. To be specific, the increasing of imperviousness will cause the increasing of flood discharge. To cope with that situation, most cities in the world have constructed the conventional drainage system. The system aims to remove excess water as fast as possible. However, this system causes several negative impacts [2] , such as; increasing downstream flood discharge, reducing the amount of stormwater infiltrates to the ground which further causes the reduction of groundwater level, and degradation of strowmwater quality due to inflow from contaminated-surface runoff, i.e. oil, organic matter, and heavy metal.
In developed countries, such as some European countries, the United State (U.S.), and Australia, environmental health has been an additional concern to design modern urban drainage system. There are various terminology used in different countries though the purpose of the design is relatively the same. In Europe, it is called Sustainable Urban Drainage System (SUDS) [3] .
In Australia, the term Water Sensitive Urban Design (WSUD) is used while in the US, Low Impact Development (LID) [4] is a more familiar term. In the next section, the term of eco-drainage system will be used since the term is commonly used in Indonesia as the study area of this paper.
Basically, the main principles of eco-drainage system are to minimize surface runoff by capturing and temporarily retain it (e.g. rainwater storage, detention/ retention ponds, and wetlands) [2] [3] [4] [5] , to improve the quality of surface runoff (e.g. detention/retention ponds and wetlands) [2] , to infiltrate stormwater (e.g. infiltration trenches, permeable surface, biofiltration swales) [3, 4] , to increase evapotranspiration (e.g. rain garden and green roof) [4] , and enhance landscape aesthetic value [2] (e.g. ponds and wetlands).
Eco-drainage System Practices
The implementation of eco-drainage system has various backgrounds in different countries. In mega cities such as Chicago, London, New York, and Tokyo, eco-drainage system has been implemented to reduce surface runoff and to prevent the occurrence of urban flooding [6] . Different measures have been used such as, increasing urban forest and rooftop garden in Chicago, flood storage in the riverbanks parks in London, a combination of bioretention and biofiltration, green area to absorb water, and installlation of rainwater harvesting system in New York, and the use of water-retaining pavement as well as expansion of urban forest in Tokyo.
Indonesia is a developing country in Southeast Asia. The number of population in Indonesia continuously grows. It reaches more than 237 million in 2010 which is double of the number in 1971. This occurs along with the expansion of residential areas in many cities in Indonesia. The expansion of residential area, specifically in Java Island, means changing bare land, forest, or farm area into residential area. It transforms permeable surface into impermeable surface which further will effect to the increasing of surface runoff volume. A study by Kusumastuti et al. [7] revealed an increasing peak flood discharge in Probolinggo Regency, East Jawa, Indonesia, from 2010 to 2015 by 1.75% due to land use change. Dense forest, local plantations, and bare land were transformed into chemical industrial area and residential area.
Eco-drainage system has been stated in the appendix of Ministerial Regulation No. 12/PRT/M/2014 [8] as an effort to manage the excess water due to rainfall by using various methods such as capturing rainwater, storing or directly using it, delivering excess rainfall into retention pond, or infiltrating it into groundwater. Several study of implementation of eco-drainage system in residential area in Indonesia shows positive result on surface runoff reduction in different cities in Indonesia. Ardiyana, et al. [9] observed the reduction of surface runoff by 14.49% -92.26% in a real estate in Malang City, East Jawa, Indonesia, by constructing recharge wells, bio-retention cells, and permeable pavement. Previous study by Aflakhi, et al. [10] also had similar result when the reduction of surface runoff by 83.5% could be achieved when recharge wells and bio-retentions cells in real estate in Semarang City, Central Jawa, Indonesia, are constructed.
The next section of the paper provides a model of ecodrainage system in a city in East Jawa, Indonesia. The model is expected to provide an effort that could be done to minimize surface runoff volume as well as promote aesthetic value of landscape in a residential area. It also provides the possibility of rainwater usage through rainwater harvesting system at household scale.
Model of Eco-drainage System for Residential Area in Indonesia
A bare land of 14,602.26 m 2 in Mojokerto Municipality, East Jawa, Indonesia, is planned to be developed into a real estate. This development may cause the increasing of runoff volume. Among several methods to manage excess rainfall stated in the appendix of Ministerial Regulation No. 12/PRT/M/ 2014 [8] , the methods chosen as a part of the model consists of capturing rainwater through rainwater harvesting system (RWHS) and constructing retention ponds. The utilization of rainwater and water in the retention ponds will also be demonstrated in this paper. On the other hand, the other method, i.e. infiltrating rainwater is excluded in the model since soil characteristics vary in different regions in Indonesia. Therefore, the methods may not be suitable for every city. The combination of RWHS and retention ponds is expected to be a model which can be implemented in other cities in Indonesia.
Study Area
Mojokerto Municipality is located at 07°33' South latitude and 112°28' East longitude, in the centre of Mojokerto Regency, East Jawa Province, Indonesia. It has a total land area of 16.47 km 2 , which in 2016, 702.15 hectare of it, is used as residential area [11] . The normal annual precipitation in Mojokerto Regency is above 2000 mm. The temperature varies from 22.3°-33.8°C. Data of daily rainfall from 2000 -2015 was collected and analyzed to determine the capacity of each component of the proposed ecodrainage system in this paper.
Rainfall Characteristics
Data of average daily rainfall was analyzed to determine the capacity of rainwater storage tank, water balance in the retention pond, and the capacity of the retention pond. The result of rainfall data analysis shows that Mojokerto Municipality received maximum daily rainfall varies from 38.94 -77.50 mm and average daily rainfall from 0.77 -15.62 mm.
Other data to be used in the analysis are data of monthly average number of rain and dry days, and average temperature. Those data were the main data to observe monthly water balance in the rainwater storage tank and in the retention pond. The complete data is presented in Table 1 . 
Methods
Water balance is the main principle to determine the capacity of rainwater storage tank and retention pond of eco-drainage system in this paper. It includes the volume of inflow, outflow, and the difference between inflow and outflow (Δstorage) both in the rainwater storage tank and the retention pond.
Inflow to the rainwater storage tank was obtained from the multiplication of the depth of monthly average daily rainfall and the catchment area (roof surface). While the outflow was designed differently every month in the year based on the availability of rainwater and standard of water requirement per person per day by World Health Organization [13] i.e. sanitation and waste disposal (70 liter/day), personal washing (30 litre/day), and washing clothes (40 liter/day); and for a household per day i.e. gardening (90 liter/day) and cleaning home (50 liter/ day).
The retention pond has several sources water as an inflow, i.e. from surface runoff of the whole area of the real estate except from the roof surface, which is captured and stored in the rainwater tank in each house, and the rain which falls on the retention pond. The peak runoff flows to the retention pond is estimated using the Rational Formula [14] in Equation (1).
CIA Q 
(1) where: Q = peak discharge (cfs) C = runoff coefficient I = rainfall intensity (in/hour) A = catchment area (acres)
It is then used to estimate the daily runoff volume due to 4-hour rainfall. After retention pond is filled of water from surface runoff, the water is planned to be used for watering public garden in the real estate. This is considered as the outflow of the retention pond. The detail of monthly water use of the retention pond is presented in Table 4 . Water balance in the retention pond also considers the loss of water due to evapotranspiration. It is estimated using Thornthwaite method [15] in Equation (2). 
Model of Residential Area in Indonesia for Eco-Drainage System Development
According to Law of Indonesia Number 26 article 29 verses (2) [16] , the proportion of green area in a city is at least 30% of a total land area. Therefore, a design of real estate development after the year of 2007 must consider the contribution to the total open space in the city. The design of the real estate discussed in this paper consists of 4219.9 m 2 (28.89%) of houses (roof surface) and 10389.36 m 2 (71.11%) of public and private open space. Therefore, the real estate has been designed following the legal regulation in Indonesia. The design of land use of the real estate produces 0.3154 of runoff coefficient (C). The layout of the real estate is shown in Figure 1 .
Runoff coefficient is an important factor contributing to the peak flood discharge as can be seen in Equation (1). Another variable contributing the peak flood discharge using the Rational Formula is rainfall intensity. Data of rainfall intensity in this paper is estimated from daily rainfall depth which is transformed into rainfall intensity using Mononobe Formula. However, the detail of the calculation is not presented here. It is taken from a research by Wibisono and Hartono [17] and presented in Table 2 . After all components have been determined, the estimated volume of runoff due to 4-hour rainfall in the study area starting in November is presented in Table 2 .
Rainwater Harvesting System
Rainwater harvesting system (RWHS) for domestic use at household scale consists of three components i.e. catchment area (roof surface), delivery system (gutters and drain pipes), and storage tank [18] . The capacity of the storage tank is determined based on the different between inflow and outflow. The inflow is mainly from rainfall while the outflow is from domestic water need in each house. It is estimated based on the need of water of 4 (four) members of a household. Therefore, the daily water need, such as for sanitation and waste disposal, personal washing, and washing clothes of each household is multiplied by 4 (four).
The simulation of the use of rainwater in the storage tank starts in November. That month is the second month of rainy season in the study area. It is considered that at that time, rainwater has filled the storage and can meet the water need. The monthly runoff volume is estimated based on monthly average number of rain days as presented in Table 1 .
Using the data of average daily rainfall data and average number of rain days which are presented in Table 1 and 50.2 m 2 of roof surface (the catchment area of the RWHS is shown in Figure 2 ), the monthly inflow to the storage tank is presented in Table 3 . Due to the variation of monthly rainwater volume in a year, the system is designed to work at 4 (four) scenarios of water use. The first scenario, the water as much as 50 litre/day is used for cleaning home. The second scenario, the water as much as 450 litre/day is used for sanitation & waste disposal and personal washing for 4 (four) members of the household and cleaning home. The third scenario, the water as much as 610 liter/day is used for sanitation & waste disposal, washing clothes, and personal washing for 4 (four) members of the household as well as cleaning home. The fourth scenario, water as much as 90 liter/day is used for gardening. Those four scenarios of water use are applied in different month during the year. These scenarios are determined based on the quantity of rainwater. Further investigation of water quality may be needed. Based on the estimation of inflow and outflow in the RWHS and accumulation of storage in a year, it is determined that two storage tanks of 2200 litre capacity should be installed in a house. Therefore, it has a total of 4400 litre storage capacity. The water balance of the RWHS is presented in Table 3 . It shows that in January, February, and March 4400 litre of storage tank does not adequate to accommodate the inflow from rainfall. It causes overflow, which in the end contributes to the retention pond.
Retention Pond
A rectangular retention pond in the study area is determined as large as 800 m 2 and 1.5 m deep. Therefore, it has a capacity of 1200 m 3 . The water is planned to be used to water the public garden in the real estate using a sprinkler system. Detail calculation of the sprinkler system is not discussed in this paper. The operational system of the sprinkler system is based on the number of dry days in the study area. It is presented in Table 4 . In the rain days, it is considered that the garden does not need any additional water from the sprinkler system.
The catchment area of surface runoff calculation is the whole area of the real estate without the roof surface since the rain falls on to it is captured and stored in the rainwater tank in each house. The detail of inflow-outflow-Δstorage in the retention pond is presented in Table 4 . (1) cleaning home; (2) sanitation and waste disposal + personal washing + cleaning home; (3) sanitation and waste disposal + personal washing + cleaning home + washing clothes; (4) gardening 
Reduction of Runoff Volume
RWHS and the retention pond are designed to minimize the runoff volume. The reduction of runoff volume due to the construction of the eco-drainage system is presented in Table 5 .
The percentage of runoff volume reduction which is presented in Table 5 varies from month to month in a year. In the peak of rainy season, January, the highest overflow is detected.
Conclusions
Eco-drainage system has been established for surface runoff reduction as well as environment health around the world. In Indonesia, the methods to achieve proper eco-drainage system have been stated in ministerial regulation. Combination of several methods has been implemented in several cities in Indonesia and resulting in positive impact on surface runoff reduction due to the expansion of residential area. The model of eco-drainage system in a residential area in Indonesia which is designed following the legal regulation of Indonesian to have more than 30% of open space shows possible reduction of surface runoff volume almost by 70%. The combination of RWHS and retention ponds as well as the utilization of rainwater demonstrated in this paper, is expected could be implemented in different areas in Indonesia. In addition, the remaining 30% of excess rainfall could be minimized further by adjusting the size of rainwater storage and the retention ponds or by introducing infiltration trench in particular regions in Indonesia. 
